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abstract: Nematode-filamentous microbe associa¬ 
tion with cyathostomes collected from the hindgut of 
a Burchell’s zebra was quantified. Cyathostomes were 
examined for the presence of filamentous bacteria with 
the aid of light and scanning electron microscopy. Six¬ 
ty-seven percent of the females and 3% of the male 
nematodes were affected. The presence of filamentous 
bacteria was noted at or near the vulvar opening in the 
5 most abundant cyathostome species. These species 
of cyathostomes from the most abundant to the least 
abundant were as follows: Cyathostomum montgom- 
eryi, Cylicocyclus triramosus, Cylicoslephanus minul- 
us, Cylicoslephanus calicatus, and Cyathostomum tet- 
racanthum. In C. montgomeryi, bacteria colonized the 
anal orifice. The uterine tracts of the female cyatho¬ 
stomes were examined for the presence of eggs as a 
possible indication of the reproductive capacity, but 
the results were inconclusive. In 1 species, C. trira¬ 
mosus, the filamentous bacteria formed a dense mass 
that prevented thorough examination of the bacteria’s 
position in possible penetration of the reproductive 
tract. 

key words: filamentous bacteria, cyathostomes, 
nematodes, zebra. 

Large numbers of parasitic nematodes inhabit 
the hindguts of free-ranging zebras, and micro¬ 
bial communities have been reported in associ¬ 
ation with 2 of these nematode groups, the cy¬ 


athostomes and atractids (Mackie et al., 1989; 
Krecek et al., 1992). Previous reports include 
ultrastructural studies of the components of these 
communities as well as proposed life cycles of 3 
of the filamentous bacteria (Krecek et al., 1987; 
Els et al., 1991). 

Cultivation of these microbial organisms has 
been attempted, with varying success (Mackie et 
al., 1989; Krecek et al., 1992). Currently, nem¬ 
atode material is obtained from the hindguts of 
zebras during postmortem examinations in var¬ 
ious national parks in southern Africa. Not all 
populations of nematodes examined harbored 
these microbial communities. When microbes 
are present, the nematodes are stored in liquid 
nitrogen for further cultivation studies. The pres¬ 
ent study is the first to quantify the association 
of the filamentous bacteria and their cyatho¬ 
stome host species. The prevalence of female and 
male cyathostomes affected and the particular 
species of cyathostomes associated with the fil¬ 
amentous bacteria and the anatomical sites of 
colonization on these cyathostomes are de¬ 
scribed. 
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Figure 1. The number of females of the 5 most abun¬ 
dant cyathostome species associated with filamentous 
bacteria. 


Figure 2. The number of males of the 5 most abun¬ 
dant cyathostome species associated with filamentous 
bacteria. 
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Figure 3. The number of female cyathostomes dem¬ 
onstrating filamentous bacteria at the vulvar and anal 
orifices. 


A Burchell’s zebra, Equus burchelli antiquo¬ 
rum H. Smith, 1841, from Etosha National Park, 
Namibia, was killed during August 1989 and 
processed at necropsy according to methods de¬ 
scribed previously (Malan et al., 1981; Els and 
Krecek, 1990). An aliquot of 100th of the ventral 
colon ngesta was examined, and the nematodes 
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were recovered, mounted on glass slides in lac- 
tophenol, a clearing agent, and identified to spe¬ 
cies level (Theiler, 1923; Lichtenfels, 1975;Scial- 
do-Krecek, 1984). The attachment sites of 
filamentous bacteria to the cyathostomes were 
noted, especially to the oral, excretory, anal, and 
vulvar orifices. The orifices were examined for 
the presence of microbes both inside and outside 
these openings. The vulvar orifice was examined 
for the presence of eggs i n the reproductive tract. 
For each cyathostome species, the number of 
nematodes affected at each orifice was counted. 
This quantification for each species and the num¬ 
ber of male and female cyathostomes affected 
were recorded. 

Abundance of each nematode species was de¬ 
rived by dividing the separate species by the total 
count of the aliquot, 877. For each species, 55 
females were examined and the data extrapolated 
to the total. If there were fewer than 55 females 
all were examined and all of the males were ex¬ 
amined. The chi-square test was used to compare 
sexes and species with sexes. The binomial test 



Figures 4, 5. Cyathostomum montgomeryi female with filamentous bacteria on the posterior extremity. 4. 
Light microscopy shows a bacterial plug in vagina (arrow) with embedded microbes. 5. Scanning electron mi¬ 
croscopy (SEM) with anus (A) and vulva (V). 


Copyright © 2011, The Helminthological Society of Washington 











RESEARCH NOTE 111 


was used when comparing the association of bac¬ 
teria at the vulva and anus among species. 

Whole cyathostomes were prepared for scan¬ 
ning and transmission electron microscopy by 
conventional techniques previously described (Els 
and Krecek, 1990). 

The aliquot yielded 877 cyathostomes. Eight 
species were identified from the most to the least 
abundant as follows: Cyathostomum monlgom- 
eryi (Boulenger, 1920) K’ung, 1964, Cyiicocyclus 
triramosus (Yorke and Macfie, 1920) Chaves, 
1930, Cylicostephanus minutus (Yorke and Mac¬ 
fie, 1918) Cram, 1924, Cylicostephanus calicatus 
(Looss, 1900) Cram, 1924, Cyathostomum te- 
tracanthum ( Mehlis, 1831)Molin, 1861, in part, 
Looss, 1900, Cylicodontophorus reineckei Scial- 
do-Krecek and Malan, 1984, Cylicostephanus 
longiconus Scialdo-Krecek, 1983, and Cylindro- 
pharynx sp. The presence of filamentous bacteria 
was not noted on the latter 2 species, and only 
1 of 3 specimens of C. reineckei demonstrated 
these bacteria. Therefore, these 3 species were 
not included in this study. 

Among cyathostomes, 312 of 463 females ex¬ 
amined and 11 of 414 males demonstrated an 
association with the microbes. The 5 most abun¬ 
dant cyathostome species in the population to¬ 
gether with the proportion of females and males 
associated with the filamentous bacteria are giv¬ 
en in Figures 1 and 2, respectively. Figure 3 in¬ 
dicates the presence of filamentous bacteria as¬ 
sociated with the vulvar and anal orifices of the 
females of the 5 most abundant cyathostome spe¬ 
cies. Scanning electron and light microscopy 
demonstrate the presence of filamentous bacteria 
on females of C. montgomeryi and C. triramosus 
and a male cyathostome in Figures 4-8. 

Various filamentous organisms inhabit mam¬ 
malian guts including mice, rats, swine, and 
humans (Savage, 1983a, b). However, the cy- 
athostomid nematode-filamentous bacterial 
association discussed here is, as far as can be 
determined, the first report of its kind in a mam¬ 
malian host. This is the first attempt to quantify 
this association. 

The predominance of female cyathostomes af¬ 
fected as compared to that of male cyathostomes 
is significant (P < 0.001), and the colonization 
of the vulvar orifices in this population is evident 
in this study. The numbers of each species (Fig. 
1) of female cyathostome were compared with 
and without bacteria and differed significantly 
from one another (P < 0.001). There were, how¬ 
ever, no significant differences among species of 



Figure 6. Ventral surface of dorsal ray of copulatory 
bursa of male cyathostome. Presence of filamentous 
bacteria suggests transmission during copulation. 


male cyathostomes (Fig. 2) for a similar com¬ 
parison. Numbers of female cyathostomes were 
compared for each species with the association 
of bacteria at the vulva and at the anus, and in 
all cases there was a significant difference (P < 
0.031). 

Few adult male cyathostomes demonstrate the 
association, and only the ventral side of the cop¬ 
ulatory bursa of the males is affected. Because 
this ventral side would clasp the female cyatho¬ 
stome during copulation, it is possible that the 
small numbers of males become affected at this 
time. It is possible that only reproductively suc¬ 
cessful males are colonized by the bacteria and 
these males infected all of the females. 

When males are affected, it is always a smaller 
proportion than in females of the same species. 
In C. triramosus, the second most abundant spe¬ 
cies, most females (110 out of 112) were affected. 
Although the vulva is the orifice predominantly 
affected throughout, the anus of a small number 
of C. montgomeryi was sometimes colonized. 
Earlier studies suggested that the colonization of 
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Figures 7, 8. Cylicocyclus triramosus female with dense mass of filamentous bacteria on the posterior ex¬ 
tremity. 7. Light microscopy shows mass of microbes near vulva (arrow). 8. Scanning electron microscopy showing 
mass of microbes. 


the anus by filamentous bacteria was caused by 
the release of an excretory product that provided 
a suitable environment (Mackie et al., 1989). 
However, the present study indicates that the 
vulva, and not the anus, is the colonized site. 
Perhaps some substance in the female reproduc¬ 
tive tract serves as a suitable substrate for col¬ 
onization and, consequently, this association may 
influence egg production. 

Uterine tracts of the cyathostomes in the pres¬ 
ent study were examined for the presence of eggs. 
Examination for the penetration of the microbes 
into the reproductive tract canal was inconclu¬ 
sive in some species, such as in C. triramosus, 
because the dense mass of microbes (Fig. 7) pre¬ 
vented thorough examination using light mi¬ 
croscopy. In future studies, the penetration of 
these bacteria in the reproductive and digestive 
tracts could be examined with the use of differ¬ 
ential staining and serial sectioning of the uterine 
tract of these females. 

Observations such as those in the present study 
are urged by the difficulty to cultivate these fil¬ 


amentous bacteria. Though attempts have been 
made (Krecek et al., 1992), this inability hampers 
possible studies on the dynamics of this associ¬ 
ation. 

We thank Mr. T. E. Krecek and Miss R. Hart¬ 
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Britz for his helpful comments with the manu¬ 
script; and the Foundation for Research Devel¬ 
opment and the University of Pretoria for finan¬ 
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Research Program at the Faculty of Veterinary 
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abstract: Sarcocysts of Sarcocystis felis were found 
in skeletal muscle of a 7-yr-old African lioness ( Panth¬ 
era leo ) from Kenya, Africa. Sarcocysts were up to 
1,650 long and up to 150 /im wide. The cyst wall 
was 1.0-1.5 /urn thick and had characteristic fingerlike 
villar projections. 

key words: Sarcocystis felis, lion, Panthera leo, 
Sarcocysts. 

Sarcocystis spp. undergo a 2-host life cycle in¬ 
volving prey and predator animals. Infection of 
muscles by Sarcocystis spp. (sarcocysts) is com¬ 
mon in herbivores. Until recently, infection of 
muscles by sarcocysts in carnivores was consid¬ 
ered rare (Dubey et al., 1989). Sarcocysts were 
found in more than half of bobcats, cougars, and 
panthers examined in 3 studies (Greiner et al., 
1989; Anderson et al., 1992; Dubey et al., 1992). 
Only one morphologic type of sarcocyst was found 
in bobcats ( Felis rufus ), domestic cats (Felis do- 


mesticus), Florida panthers (Felis concolor coryi), 
and cougars (Felis concolorfloridanus). Dubey et 
al. (1992) proposed the name Sarcocystis felis for 
Sarcocystis in muscles of Felidae. Although sar¬ 
cocysts were reported previously from lions from 
India (Bhatavedkar and Purohit, 1963; Somvan- 
shi et al., 1987) and Africa (Bwangamoi et al., 
1990), the purpose of this article is to report 
species of Sarcocystis from the African lion, 
Panthera leo (Felis leo). 

Specimens of heart and skeletal muscle from 
a 7-yr-old lioness from Nairobi National Park, 
Kenya, were fixed in 10% formalin solution 
(Bwangamoi et al., 1990). The lioness was eu¬ 
thanized because of rabies virus infection (Bwan¬ 
gamoi et al., 1990). Paraffin sections were cut at 
5-6 fim thickness and examined microscopically 
after staining with hematoxylin and eosin. 

Sarcocysts were seen in 11 of 15 sections of 
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